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Objectives: Neutrophils may play an important role in cerebral ischaemia. We investigated whether neutrophil activation 
can be detected in cerebral venous blood during the mild cerebral hypoxia and reperfusion that occurs during carotid cross 
clamping and declamping for endarterectomy. 
Design, setting and materials: The ipsilateraI jugular bulb was cannulated at operation in 16 patients undergoing 
carotid endarterectomy. Blood was taken immediately prior to and 30 seconds following internal carotid cross clamping; 
then immediately prior to, 30 s and 2 m following declamping. Blood was also taken from a peripheral vein in the foot. 
Intracerebral oxygen saturation (CsOz) was measured continuously by near infrared cerebral spectroscopy. NeutrophiI 
activation was measured by flow cytometric detection of fluorescence to hydrogen peroxide in unstimulated cells and 
phorbol myristate acetate stimulated cells, and expressed as mean fluorescent intensity (MFI). 
Outcome measures: Neutrophil activation and cerebral oxygenation. 
Main results: Cs02 fell from 68% (957o Confidence interval 64%-727o) to 637o (59%-687o) following carotid cross 
clamping (p < 0.05, repeated measures analysis of variance). This recovered slightly during the cross clamp period to 647o 
but only returned to preclamp levels following declamping (p > 0.05). Neutrophil hydrogen peroxide generation by 
stimulated neutrophils rose significantly from 0.79 mean fluorescent intensity (0.53-1.19) to 1.46 (0.98-2.20) but no there 
was no further rise following cross clamp release. There was no significant neutrophil activation in the peripheral 
samples. 
Conclusions: These results indicate that even mild cerebral hypoxia is associated with priming of neutrophils in cerebral 
venous blood. 
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Introduction 
Cerebral ischaemia leads to a series of biochemical 
changes within the brain including fluctuations in 
neurotransmitter concentrations, intracellular calcium 
influx and lactic acid production. ~Neutrophil derived 
free radicals may play an important role in potentiat- 
ing cerebral damage following ischaemia but their 
direct measurement remains difficult. 2 
Neutrophils almost certainly play an important role 
in the process of cerebral infarction following ischae- 
mia by releasing chemical mediators, and possibly by 
microvascular plugging. 3 Neutrophils accumulate in 
ischaemic brain, although it is unclear whether deple- 
tion of neutrophils improves recovery of electrical 
function after focal or global cerebral ischaemia. 4-7 
Experimentally, inhibition of neutrophil function may 
have a neuroprotective ffect, s In man, systemic 
Ethical committee approval was given for the study 
and informed consent was obtained. A consecutive 
series of 16 patients (10 men and six women, mean age 
70 years, range 59-88) undergoing routine carotid 
endarterectomy for greater than 70% internal carotid 
stenosis, none of whom required an intraluminal 
activation of neutrophils can be detected following 
acute ischaemic stroke. 9'1° 
We investigated neutrophil activation in the human 
brain during the mild cerebral hypoxia that can occur 
during carotid clamping; and during reperfusion 
following declamping by sampling cerebral venous 
blood from the jugular bulb in patients undergoing 
carotid endarterectomy. 
Patients and Methods 
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shunt, were studied. One patient had been rando- 
mised to surgery in the Asymptomatic Carotid Sten- 
osis Trial, the others had all suffered either transient 
ischaemic attacks or stroke in the relevant cerebral 
hemisphere more than 1 month previously. Our 
criteria for inserting such a shunt was a fall in peak 
middle cerebral blood flow velocity of > 60% on 
transcranial Doppler monitoring or a fall in cerebral 
oxygen saturation (CsO2) of more than 10% (see 
below). 
The ipsilateral superior jugular bulb was cannulated 
under direct vision at operation via the internal 
jugular vein with a Vygon Leader Catheter. The tip of 
the cannula was sited above the tributaries of the 
internal jugular vein to ensure that only intracranial 
venous blood was sampled. In eight patients, cannula- 
tion of a vein in the dorsum of the foot was possible in 
order to sample peripheral blood. 
Jugular bulb blood was taken into heparin at the 
following times: immediately prior to internal carotid 
clamping, at 30 s post-clamping, immediately prior to 
declamping, then 30 s and 2 min post-declamping. 
Samples were stored on ice, and were analysed 
immediately following the end of the operation. 
Peripheral blood samples were taken immediately 
after induction of the anaesthetic, then at the same 
time points as the jugular samples. 
Neutrophil activation both resting and following 
stimulation was measured by assaying intracellular 
hydrogen peroxide formation. 11 Neutrophils were 
extracted at room temperature from whole blood by 
Dextran sedimentation then diluted on ice to a 
concentration of 2 × 106 cells/ml with HEPES 
buffered Hank's balanced salt solution (Ca2 ÷ and 
Mg2 + free, Gibco). 2'-7' Dichlorofluoroscin diacetate 
(Kodak, Liverpool) was added to a 0.5 ml aliquot of 
neutrophils in duplicate, to give a final concentration 
of 9.6 /~g/ml DCFH-DA and 1 × 10' cells/ml, and 
incubated at 37°C for 15 min. DCFH-DA is cleaved to 
dichlorfluoroscin, a non fluorescent compound, by 
deacetylation i the neutrophil membrane, which is 
then oxidised to a fluorescent compound, dichloro- 
fluoroscein, according to the concentration of intra- 
cellular hydrogen peroxide. Phorbol myristate acetate 
(PMA, Sigma), a potent stimulator of neutrophils was 
added to one of the duplicates after 15 min at a final 
concentration f 60 ng/ml. PMA amplifies the in vivo 
stimulation and detects neutrophils that have already 
been primed by endogenous mediators, but are not 
fully activated. Both duplicates were then incubated at 
37°C for a further 15 rain. After incubation, the 
samples were immediately stored on ice, protected 
from light, until measurement of fluorescence. The 
degree of fluorescence was measured on a Coulter 
EPICS XL-MCL flow cytometer in 5000 neutrophils 
and results of neutrophil activation expressed as mean 
fluorescent intensity (MFI). The results are given in 
both unstimulated cells and in cells stimulated by 
PMA. 
CsOz was measured continuously by reflected near 
infrared oxygen spectroscopy (Cerebral oximeter, 
Somanetics Troy, WI, U.S.A.). A near infrared light 
transmitter and two photodetectors are housed in a 
plastic covering and placed on the scalp overlying the 
territory of the middle cerebral artery. Near infrared 
light of wavelengths between 650 and 1100nm is 
reflected by the tissues in a parabolic urve. A detector 
30 mm from the light source detects light attenuated 
by scalp, skull and superficial brain tissue whilst a 
second photodetector at 40 mm receives light attenu- 
ated by passage through scalp, skull and a deeper 
section of brain tissue. The oximeter's computer 
subtracts the oxygen saturation in the superficial 
structures (30mm detector) from that of the deeper 
tissues (40mm detector), thereby calculating the oxy- 
gen saturation of the cerebral blood. Changes in CsO2 
correlate with changes both in jugular bulb oxygen 
saturation, and middle cerebral artery blood flow 
measured by transcranial Doppler. 1132 
The raw neutrophil data, which was skewed to the 
right, was logarithmically transformed to a normal 
distribution so that parametric statistical analysis by 
repeated measured analysis of variance could be 
used. 
Results 
CsO2 fell from 68% (95% Confidence interval 
64%-72%) to 63% (59%-68%) following internal 
carotid clamping (p < 0.05). This recovered slightly to 
64% during the cross clamp period (p > 0.05) but only 
returned to preclamp levels following declamping 
(Fig. 1). Peak middle cerebral artery blood flow on 
transcranial Doppler fell by less than 60% in all 
patients. 
Neutrophil hydrogen peroxide generation by unsti- 
mulated cells increased from 0.46 MFI, (95% con- 
fidence intervals 0.39-0.56) to 0.53 (0.44-0.63), follow- 
ing carotid clamping but this difference failed to reach 
statistical significance. This then settled to 0.41 
(0.34-0.50), significantly lower than post-clamp levels 
(p < 0.05). There was no significant further change in 
neutrophil activation following clamp release. In 
stimulated neutrophils, hydrogen peroxide generation 
increased following carotid cross clamping from 0.79 
(0.53-1.19) to 1.46 (0.98-2.20) (p < 0.05). There was a 
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Fig. 1. Intracerebral oxygen saturation. Values are mean and 95% 
confidence intervals. 
decline in activation to 0.94, and no further changes 
following cross clamp release (p > 0.05). (Table 1) 
In the peripheral blood samples, there was no 
significant change in activation in either unstimulated 
or in stimulated cells (Table 2). 
Discuss ion  
There was a burst of hydrogen peroxide production in 
stimulated neutrophils, but not in unstimulated neu- 
trophils, following internal carotid clamping. This 
suggests that internal carotid cross-clamping primes, 
but does not fully activate, neutrophils. There was no 
further burst in neutrophil hydrogen peroxide pro- 
duction following declamping. Intracerebral oxygen 
saturation fell significantly following carotid cross- 
clamping, but the fall was small and probably does 
not indicate cerebral ischaemia. There was some 
recovery in intracerebral oxygen saturation during the 
cross-clamp eriod, presumably due to recruitment of 
collateral vessels. Intracerebral oxygen saturation 
returned rapidly to initial levels following carotid 
declamping, but this did not stimulate further hydro- 
gen peroxide production by neutrophils. 
Additional samples taken at the time of the maximal 
fall in cerebral oxygen saturation may reveal a higher 
level of neutrophil activation than at 30 s post-cross- 
clamping. Samples taken during the cross-clamp 
period may indicate how long neutrophil activation is 
sustained, and we plan to repeat the study taking 
additional samples at 10 min intervals during the 
cross-clamp eriod. 
These results suggest hat carotid cross-clamping 
primes neutrophils in cerebral venous blood. It is 
unlikely that storage of the blood samples activates 
neutrophils. If this were the case, then the highest 
levels of neutrophil hydrogen peroxide formation 
would be found in the first, rather than the second 
sample taken. There was no significant change in 
neutrophil activation in the peripheral samples, again 
suggesting that storage of the samples does not affect 
neutrophil activation. 
It is unlikely that this activation was caused by 
direct surgical trauma to the arteries as the internal 
carotid was clamped first, preventing the flow of any 
blood in the carotid up to the brain. If arterial trauma 
did cause neutrophil activation, we would have 
expected the highest levels of hydrogen peroxide 
production to follow carotid declamping. We also took 
care to ensure that the cannula tip was sited in the 
jugular bulb above the tributaries of the internal 
jugular vein to sample only blood draining from the 
cerebral circulation. In addition, the branches of the 
internal jugular vein in the neck were ligated during 
the course of the dissection, so it is likely that the 
jugular venous blood sampled predominantly drained 
the cerebral rather than the extracerebral circulation. 
The mechanism of neutrophil activation requires 
Table 1. Mean neutrophil activation (95% confidence intervals) as mean fluorescent intensity in unstimulated and in phorbol myristate 
acetate stimulated cells, from jugular bulb samples 
Pre-clamp 30 post-clamp Pre-declamp 30 s post-declamp 2 rain post-declamp 
Unstimulated 0.46 (0.39-0.56) 0.53 (0.44-0.63) 0.41 (0.34-0.50) 0.42 (0.35-0.50) 0.41 (0.34-0.50) 
Stimulated 0.79 (0.53-1.19) 1.46 (0.98-2.20) 0.94 (0.63-1.40) 0.98 (0.65-1.47) 0.84 (0.56-1.25) 
Table 2. Mean neutrophil activation (95% confidence intervals) as mean fluorescent intensity in unstimulated and in phorbol myristate 
acetate stimulated cells, from peripheral samples 
Induction Pre-clamp 30 post-clamp Pre-declamp 30 s post-declamp 2rain post-declamp 
Unstimulated 0.43 (0.25-0.72) 0.43 (0.24-0.78) 0.46 (0.22-0.96) 0.37 (0.19-0.71) 0.36 (0.19-0.70) 0.37 (0.27-0.51) 
Stimulated 0.58 (0.32-1.04) 0.72 (0.22-2.36) 0.79 (0.15-4.14) 1.09 (0.15-7.81) 0.69 (0.21-2.1) 0.70 (0.16-3.08) 
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further investigation. One possible mechanism is the 
mild cerebral hypoxia occurring on carotid cross- 
clamping. A further putative mechanism is neu- 
trophil-endothelial interaction due to prolonged pas- 
sage through the vascular bed. Further studies are 
now underway investigating markers of endothelial 
damage in cerebral venous blood during carotid 
endarterectomy. The relevance of neutrophil priming 
to the risk of stroke during carotid surgery remains 
uncertain, but justifies further investigation during 
ischaemic stroke and in patients undergoing carotid 
endarterectomy. 
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